Faba bean crop (Vicia faba L.) is important in Mexico, it is a legume rich in protein and its market price is higher than those of maize and bean; however, in recent years there has been a significant decline in its performance. The aim of this study was to determine the genetic variability and analyze the relationship between 39 faba bean accessions using inter simple sequence repeats (ISSR) markers. Accessions of faba bean were collected according to their best phenotypic characteristics, later they were molecularly characterized. With the obtained band registration, a binary data matrix was built to perform the corresponding statistical analysis. The utilized ISSR markers produced 142 fixed and repeatable bands, of which 134 were polymorphic. The values of resolution power (Rp), polymorphic information content (PIC), and marker index (MI), respectively indicated that primer 848 was the most efficient to analyze genetic variability with values of 12.8, 0.40, and 8.06, respectively, followed by primers 857 and ISSR2M. Genetic distances oscillated between 0.38 and 0.83, and verified the groupings observed in the dendrogram, which indicates high variability at the level of DNA among the analyzed genotypes, observing six defined groups according to UPGMA analysis. In the analysis of main components the registered groupings were determined by the origin of the gathering. The use of ISSR markers was efficient to characterize at the level of DNA the assessed bean accessions, indicating the existence of variability, the identified contrasting accessions can be utilized in genetic improvement programs aimed at solving the needs of the producers.
INTRODUCTION
Cultivation of faba bean (Vicia faba L.) is important because its high content of protein, ability to fix atmospheric N and improve soils, among others, is globally recognized and has been profusely documented (Maalouf et al., 2011; Wang et al., 2012) . In Mexico, faba bean is cultivated in the High Valleys mainly in the states of Puebla, Mexico, Tlaxcala, Michoacan, and Hidalgo. It is an introduced species (Cubero y Moreno, 1983) and is considered an alternative cultivation with economic potential, as within the last 10 yr dry faba bean reached market prices between 4 and 5 USD per kilogram, superior to those of maize, wheat, and other legumes. However, in recent decades the production has noticeably decreased, mainly due to conditions of biotic and abiotic stress, so it is necessary to generate materials that counteract side effects; to do so, it is necessary to learn the degree of diversity and relation between accessions by means of characterization, not only agromorphological but also at molecular level, which in our country is incipient and necessary. Duc et al. (2010) mention that at global level faba bean is only represented in herbarium collections and germplasm banks, so genetic resources represented through wild species, cultivated plants, local accessions, varieties, hybrid lines, and elite lines are important as gene sources. So when a germplasm, diversity and relationship between materials are unknown; characterization of genetic variability and selection of population are important in the efficiency of breeding programs (Alghamdi et al., 2012a) .
Even if there is a taxonomic relation between faba bean cultivars according to van de Ven et al. (1993) and studies of agromorphological characterization which have served to learn important aspects of the cultivation (Terzopoulos et al., 2003; 2004; Ahmed et al., 2010; Vörösváry et al., 2011; Yahia et al., 2012) , these present certain limitations, since characterizations may have been affected by the stage and development of the plant, environmental influence, agronomic management or else, reveal scarce genetic variability. Alghamdi et al. (2012a) comment that the genetic diversity of faba bean has been studied with different molecular markers, as it is reported by Link et al. (1995) , who studied the genetic variability of accessions of faba bean from the Mediterranean Sea and Europe by means of Random Amplified Polymorphic DNA, detecting variability; Kwon et al. (2010) analyzed the genetic diversity and relation between 151 accessions by means of Target Region Amplification Polymorphism (TRAP) finding 55.2% of polymorphism, sufficient to classify the genotypes; Liu and Hou (2010) studied the genetic diversity of germplasm from Western China by means of Amplified Fragment Length Polymorphism (AFLP) markers finding seven groups that represented 80% of the assessed genetic information. Gong et al. (2010) generated and characterized 11 new EST type sequences derived from faba bean microsatellites; in like manner, Gong et al.(2011) analyzed the genetic diversity of 5031 faba bean accessions from Europe and China, indicating that only 8.36% of the sequences had Simple Sequence Repeats (SSR); Ouji et al. (2012) examined nine populations of faba bean from Tunisia by means of Simple Sequence Amplified Polymorphism (SSAP), finding broader diversity in the populations than between them; Alghamdi et al. (2012b) studied 58 faba bean genotypes using Sequence Related Amplified Polymorphism (SRAP), detecting broad genetic variability between the assessed accessions; Akash and Myers (2012) developed Expressed Sequence Tags and Simple Sequence Repeats (EST-SSRs) to validate the diversity analysis of 20 faba bean populations from Jordan; Ma et al. (2013) used SSR markers to produce related maps between faba bean varieties native to China, these markers can be applied in Quantitative Trait Loci (QSL) and selection of assisted markers.
However, Alghamdi et al. (2012a) indicate that Inter Simple Sequence Repeats (ISSR) have been efficient in the study of genetic diversity and the relation between faba bean populations. Using this sort of markers, Wang et al. (2012) analyzed 802 faba bean accessions from China and other parts of the world, they found well-defined groupings of accessions according to the geographic region these accessions came from; AbdelRazzak agree et al. (2012) studied 10 faba bean varieties from Egypt finding differences between cultivars; Alghamdi et al. (2011) assessed 34 faba bean populations detecting variability related to the gathering sites; finally, Terzopoulos and Bebeli (2008) analyzed the genetic diversity of 20 local populations from the Mediterranean, finding high variation levels in them and at least two genetically different groups.
Due to the agronomic and economic interest this species represents, the objective of this work was to determine the genetic variability and relationship between 39 faba bean populations by means of ISSR molecular markers, in views of identifying and selecting genetically contrasting accessions. The results of this work will allow using the detected genetic variability and incorporating it in current genetic improvement programs, which consist in phenotyping and genotyping, schemas aimed at increasing production, generating resistance or tolerance to biotic and abiotic stress, and even creating high-performing and stable materials suitable for various environmental conditions.
MATERIALS AND METHODS

Vegetal material
In this study we used seeds from 35 faba bean populations, collected because of their best agromorphological characteristics in 12 municipalities of the State of Mexico, and four varieties generated by the Institute of Agricultural, Aquaculture and Forestal Research and Training of the State of Mexico (ICAMEX), namely: 'San Isidro' (P29), 'Monarca' (P30), 'Diamante' (P31), and 'San Pedro' (P32). The identification code, geographic origin, gathering place, seed size and color of the 39 assessed accessions, altitude and geographic coordinates of the collection sites are summarized in Table 1 .
DNA extraction and ISSR analysis
Three grams of fresh foliar tissue from seedling of 14 d of age, healthy and without mechanical damage were selected at random out of a group of ten and weighed for each of the 39 populations. DNA extraction was carried out according to the sodium dodecyl sulfate method by Dellaporta et al. (1983) with lesser modifications, such as the addition of 0.5 mM ascorbic acid, as suggested by Hoelzel (1992) to reduce oxidation. The quality of DNA was evaluated by means of electrophoresis in agarose gel at 0.8%. The utilized oligonucleotides belong to a set of 100 ISSR molecular markers "UBC primer set 100/9" of British Columbia University; of these 40 were evaluated. The ISSR-PCR reactions were performed using 25 µL reaction mixture, containing 5.2 µL water, 10 µL 0.2 mM dNTP's, 2.5 µL Tris H-Cl pH 8 10X buffer, 1.5 µL 3 mM MgCl2, 3 µL primer at a concentration of 10 ng µL -1 , 0.3 µL 1.5 U of Taq polimerase enzyme, and 2.5 µL template DNA at a concentration of 10 ng µL -1 DNA. Amplifications were carried out in a TECHNE thermal cycler (TC-412, Bibby Scientific Limited, Stone, Staffordshire, UK) considering a pre-denaturalization cycle at 93 ºC for 20 s, followed by 40 cycles for the denaturalization stage at 94 ºC for 20 s; one aligning phase at temperatures defined according to the primer to amplify for 1 min and a polymerization stage at 72 ºC for 20 s; finally an additional cycle to end up polymerization at 72 ºC for 6 min. The products of the amplification of the assessed primers were separated in a horizontal electrophoresis chamber (SGV-2626T-02, CBS Scientific, San Diego, California, USA) in ultrafine agarose gels at 2%. Later on, they were developed in a solution with 0.5 µg mL -1 of ethidium bromide and finally visualized and analyzed in a high-performance UV transilluminator (Analytik Jena AG, Jena, Germany). The visualized bands were registered and identified, considering 1 presence and 0 absence.
Data analysis
Only consistent and reproducible bands were considered to run the corresponding statistical analyses. DNA polymorphic bands were registered as discreet variables considering "1" presence and "0" absence to construct a binary data matrix. Later on, data were processed in Free Tree statistics software (Version 0.9.1.5 (Pavlicek et al., 1999) to produce a genetic distance matrix using Dice coefficient, also known as the similarity coefficient Nei and Li (1979) . The resulting matrix was analyzed according to the Unweighted Pair Group Method with Arithmetic Mean (UPGMA), so as to build a dendrogram with 1000 bootstrap replicates. Tree View software was used to visualize the obtained dendrogram.
The informational certainty of primers to difference between accessions was analyzed by means of the estimation of their Polymorphic Information Content (PIC), Marker Index (MI) and Resolution power (Rp). PIC was calculated using the formula described by Roldán-Ruíz et al. (2000) , which is:
where PICi is the polymorphic information content of the first i, fi is the frequency of the present bands, and (1 -fi) represents the frequency of the absent bands. Considering that the highest value of PIC for dominant markers is 0.5 according to De Riek et al. (2001) . MI was calculated following Prevost and Wilkinson (1999) , as MI = PIC × number of polymorphic bands, and Rp according to the formula by Gilbert et al. (1999) , Rp = ∑ Іb, where lb represents the information of the band, which was calculated with: Іb = 1 -(2 × | 0.5 -p |), where p is the proportion of accessions that contain bands and l represents the percentage of polymorphic bands (PPB). The origin of the accessions was also considered to examine the potential effect of genetic grouping.
The Principal Component Analysis (PCA) was obtained analyzing the correlation of the binary data matrix in GenAlEx 6.501 software (Peakall and Smouse, 2006; and interpreted according to the three main first coordinates.
RESULTS AND DISCUSSION
Polymorphism of ISSR markers
Out of the 40 assessed primers only 12 amplified clear, sharp and reproducible polymorphic bands. The names, nucleotide sequences, alignment temperatures, results of the amplification and polymorphism of the utilized markers are shown in Table 2 .
The ISSR primers produced a total 142 fixed and repeatable bands; of which 134 were polymorphic with a banding mean of 19.6 for primers 848, 857, and ISSR-2M; while for the rest the mean of bands was 10.1. The size of bands according to molecular weights marker varied from 400 to 5000 bp. The values of Rp, PIC, and MI indicated that primer 848 (Figure 1) was the most efficient to analyze genetic variability with values of 12.8, 0.40, and 8.06, respectively, followed by primers 857 and ISSR2M, which also showed efficiency in the polymorphic amplicons generated. Such results allow distinguishing that primers 848 and ISSR-2M, amplified 20 and 18 total bands and for both 100% were polymorphic, these are dinucleotides of (CA) anchored to tetra-and penta-nucleotides, these two primers and 866 are nucleotide sequences, still unreported by other researchers to amplify polymorphic bands in faba bean (Terzopoulos et al., 2004; Abdel-Razzak et al., 2012) had already assessed a similar (CA) 8G sequence in P1, P2, P3, P4, P5, P6, P8, P9   P7   P10, P11, P12, P13, P14, P15, P16, P17, P18, P19, P34   P20   P23   P21, P22, P24, P25, Greece and Egypt, respectively. By contrast, Terzopoulos and Bebeli (2008) , Alghamdi et al. (2011), and Wang et al. (2012) assessing faba bean accessions from Greece, Saudi Arabia, and China, respectively, found higher polymorphism with primers of dinucleotide replications (AG) and (GA) anchored to mononucleotides and trinucleotides; sequences which were also detected in our materials but with fewer total bands. This suggests gene differences between the gathered material assessed in this study and those reported for faba bean cultivars in other countries; such a genetic difference can be attributed to the broad geographic separation there is between the materials. So the primers rich in (CA) may be assessed with faba bean accessions from other continents in order to verify the gene similitude or difference and suggest possible phylogenetic relations, for according to Wang et al. (2012) , faba bean accessions from China have their origin in gene sources from Africa, Asia and Europe, while there are no reports about this for accessions from the American continent.
Genetic similarity between accessions
The genetic relation between accessions was obtained by means of data analysis of ISSR markers, using Dice's similarity coefficient. The matrix of genetic distances showed an average range from 0.38 to 0.83 (Table 3) . Which indicates there is high DNA variability between accessions P25 and P37, both belong to the municipality of Santiago Tianguistenco; this suggests they are genetically different materials adapted to the same environment, even though from a different origin. This can be advantageous in programs of genetic improvement, as it is commented by Gresta et al. (2010) , the use of this sort of materials might be used to maximize the level of variation and then assess these cultivars in contrasting environments that allow broadening their diversification. The longest distance value was registered between P22 and P23, which suggests great genetic similarity, it can even be suggested that these populations come from one same accession, due to the closeness of the gathering places (Santiago Tianguistenco and Santa Cruz Atizapan) and the mobility of the materials the growers make. Other very closely related accessions were: P10 and P11, P21 and P22, P14 and P23, P2 and P4, P13 and P20. The rest of accessions displayed intermediate similarity levels.
Genetic variability between populations
The genetic variability described in Table 3 was verified with UPGMA analysis (Figure 2 ). The dendrogram shows six principal groups (I, II, III, IV, V, VI Table 2 . Results from amplification and polymorphism of 12 ISSR primers used in this study. III and IV were integrated by accessions P25 and P29, respectively from Santiago Tianguistenco and Metepec; this indicates these accessions were significantly different at molecular level in relation to all the accessions. The genetic variability observed in accession P25 can be related to a differential response to biotic or abiotic stress, to the agronomic management or else to its facility to adapt to other environments, as it is commented by Duc et al. (2010) , variability can be the result from such factors. As for accession P29, it is one of the varieties generated by ICAMEX (2004) . The detected genetic variability is attributed to the fact that one of its progenitors has its origin in the Middle East, in Syria, and is characterized by registering the highest yields of green pod and dry grain under adequate management conditions and good development of the cultivation in respect to the rest of varieties (ICAMEX, 2004) , so this accession can be used in improvement programs heading to increase yield. Similarly, it was observed that group I comprised only two accessions, P38 and P37, which belong to the geographic places farthest apart in the study zone. It is worth mentioning that P38 is a population in which land is worked above 2500 m as indicated in Table 1 , which suggests that the altitude factor heavily influences on its genetic expression, making it different. These results agree with reports by Terzopoulos and Bebeli (2008) and Wang et al. (2012) , who comment that genetic diversity in faba bean is closely associated to the habitat in which it grows, geographic origin, and ecologic distribution. Group II comprehended 60% of the accessions of the central part, as well as two accessions from the north and south, P8 and P34, respectively. Accession P8, from its grouping, indicates that it is possibly a material with genes adaptive to agro-ecological contrasting conditions; these can be useful to broaden the variability level (Gresta et al., 2010) . Group V comprised five accessions that belonged to the municipality of Acambay, located in the north; these accessions are characterized by its small seeds and a precocious cycle. Whereas group VI was the largest and grouped 84% of the accessions from the southeast study zone; in this group the presence of subgroups is distinguishable, possibly from the high mobility of the growers in the zone, since this is the largest zone to buy and sell seeds in the regions. The accessions in this group have a large seed and long cycle. Accessions P6, P7, and P9 from the north, and P26 and P31 were also part of this grouping. Similar results were found by Alghamdi et al. (2011) , who comment that the presence of subgroups indicates genetic variability related to adaption to gathering sites and that such differences may be utilized as gene sources to generate lines for the development of synthetic varieties. By and large, the dendrogram allows inferring that groupings were determined partly by its geographic origin, as well as by the genetic differences and similarities accumulated through time, sort of reproduction of faba beans, which are partially allogamous, the constant mobility of the materials the growers make and the facility of the species to adapt to different microenvironments.
The PCA results reveal that the first three axes represent only 33.99% of the total variability, of these the two first coordinates accumulated 24.41% of variability and the first 13.45%. Moreover, in this analysis three main groups (A, B, and C) and an independent one, comprising P7 (Figure 3) , are observed. The dendrogram and PCA of the present study verified similarity between populations and variability was preserved; these results agree with Wang et al. (2012) , who also observed congruency between both analyses, perhaps because they worked with faba bean accessions very distant geographically. It is worth mentioning that accessions P25 and P29, which appeared independent in the dendrogram, in PCA they grouped in B; whilst P37 and P38 in A. On its own, group C, held 80% of the northern populations. Distinguishable is that accession P7 separated from the rest of populations (locating at -7.02, axis 2); a situation that was not observed in the dendrogram, this indicates it is a different material in molecular terms. This accession is cultivated at average altitudes of 2800 m (Table 1) .
Finally, it is indicated that accessions P25, P29, P37, P38, P8, and P7 are molecularly different and can be assessed in the field to determine their agromorphological qualities and determine their agronomic potential. These accessions represent 15.3% of the total assessed material, nevertheless, this minimal variability is considered sufficient to broaden the genetic base of the species in the highlands of the State of Mexico.
CONCLUSIONS
Molecular markers ISSR-2M, 848 and 866 are gene sequences that broadened the highest percentage of polymorphic bands for the gatherings of faba bean here analyzed, such sequences might be utilized to genotype accessions from other countries and generate sufficient information to infer possible phylogenetic relations. The use of molecular ISSR markers was efficient to detect differences between the assessed populations, indicating that in 15.3% of the accessions important genetic variability was registered; this variability can be selected and valued in the field to learn their agronomic potential and later incorporation in improvement programs. The experience of the present research allows reflecting on the need to analyze a larger number of faba bean accessions from all over the country in views of broadening the studies of variability at the level of DNA, not only to contribute to genetic improvement, but also to preserve germplasm and create outstanding genotypes for the alimentary industry.
